Background Recent research indicates that levels of conventional coronary heart disease risk factors in children are related to the premature development of atheroma. It is therefore important to determine how risk factors might be modified on a population scale in children.
Methods and Results In 1985, the Australian Schools Health and Fitness Survey was conducted on a representative sample of Australian schoolchildren aged 7 to 15 years. In children aged 9, 12, and 15, data on plasma cholesterol, triglycerides, and high-density lipoprotein cholesterol were obtained along with measurements of blood pressure, fitness, and body fatness. From an original sample of 2400 in these three age categories 1919 underwent the full set of measurements. Univariate analysis of these data revealed a strong association between body fatness and plasma lipids. There was no significant association between fitness (measured as physical work capacity at a heart rate of 170 beats per minute per kilogram of lean body mass) and plasma lipids, but a significant negative association was found for fitness and systolic blood pressure (r=-.12, P<.001). Multiple regression analysis revealed that the association of fitness with systolic blood pressure was only partly accounted for by the confounding effect of lower body fatness in fitter children.
Conclusions These data collected on a representative sample of children under standardized conditions confirm a previous finding of a link between fitness and blood pressure in schoolchildren and also support a growing consensus that fitness is only weakly linked to plasma lipids and lipoproteins in children and adolescents. (Circulation. 1994; 89:1539 -1544 Key Words * lipids * blood pressure I nvestigators from the Bogalusa study have reported that the development of fatty streaks and plaques in the coronary arteries in early life is related to the presence of certain coronary heart disease (CHD) risk factors.1 These risk factors are serum lipids and lipoproteins, blood pressure, and body fatness.
In adults, there is good evidence that each of these risk factors is related to an individual's level of physical activity or, alternatively, to fitness.2-5 However, there has only been limited data reported on these relations in children. Sallis et al,6 in a cross-sectional study, observed an inverse association between fitness and blood pressure and a positive association with fitness and high-density lipoprotein cholesterol (HDL).6 Much of this association appeared to be mediated through differences in body fatness. Sallis and coworkers also found a negative association between reported levels of physical activity and body mass index and a positive association with HDL and body mass index, but these relations were much weaker than for measured fitness. and 15 years (500 in each age/sex stratum). These children were selected using a two-stage probability sample. The first stage involved the selection of schools. These were chosen with a probability proportional to the enrollment numbers of students aged 10 years in primary school and 14 years in secondary school. For logistic reasons, schools with total enrollments below 200 students were not included. This meant that 3.1% of secondary students and 9.9% of primary students were excluded from the possibility of selection. Eligible schools were listed in ascending postcode order to ensure a good geographical distribution and then were chosen using a random-start, constant-interval procedure. Of the 109 schools selected in the sample, 12 schools refused to participate and were replaced with 12 other schools from the s-ampling frame.
The school response rate was 90.1%.
The second stage of sampling consisted of the random selection of 10 boys and 10 girls in each age group from each school from school student lists. The sampling frame for this was the enrollment list provided by each school containing the name, sex, grade, and date of birth of all students in the school. Parent and child consents were required for a student to be included in the study and were obtained for 77.5% of students selected in the initial sample.
Two thousand four hundred children were randomly selected from the resulting study sample to undergo measurements of blood pressure, body fatness, and endurance fitness and to have blood taken for lipid analysis. These children also underwent the same field tests as the rest of the children in the sample of 9000. These tests are described elsewhere.14 This sample of 2400 comprised 400 boys and 400 girls in each of the age groups 9, 12, and 15 years. Of this sample, 481 refused venipuncture. The nonresponders differed from the responders in that their academic marks were lower, they were shorter, and they had a higher mean body mass index.
Study Measurements
The testing team consisted of 10 data collectors in each of the states and territories. All of these personnel underwent a period of training in the use of standard protocols, and site visits were undertaken by the principal investigators to maintain standardization throughout the survey, which took approximately 3 months. The test protocol included a questionnaire that explored health, lifestyle, and demographic factors. Physical measures included the following.
Blood Pressure
Blood pressure was measured using a standard mercury sphygmomanometer. Readings were taken after the children had been seated for 5 minutes. An appropriate cuff size was selected, and the child's arm was placed so that the cuff was approximately level with the heart. The cuff was deflated so that the mercury dropped at a rate of approximately 2 mm per second. The procedure was repeated once, and the mean of the two measures was taken as the score. Systolic pressure was recorded, as were both phase IV and phase V measures of diastolic pressure. The results for systolic pressure and phase IV (muffling) readings are presented here. 15 Serum Lipids Serum lipids were measured in subjects after a 12-hour fast, and the Lipid Research Clinics procedures then were followed. 16 Blood samples were analyzed at the Flinders Medical Centre, which throughout the study period met the criteria specified by the World Health Organization Collaborating Centre for Reference and Research in Blood Lipids at the Centers for Disease Control in Atlanta, Ga. Plasma total cholesterol and triglycerides were determined using a Technicon Autoanalyser II, and HDL cholesterol was analyzed after precipitation with heparin manganese.
Skinfold Thickness
Skinfold thickness was measured at four locations using Holtain calipers. The four sites were chosen according to the recommendations of Durnin and Rahaman17 and Brook18 and included triceps, biceps, subscapular, and suprailiac. Measurements were taken from the right side of the subject. The method for choosing the precise site for application of the calipers has been fully described elsewhere.14 Readings were taken after the calipers had been applied for 1 second. Three readings were taken from each site, and the readings then were averaged.
Height and Weight
Height was measured using a stadiometer with the subject in bare feet. Weight was measured using bathroom scales that were calibrated daily using a predetermined weight. Body mass index (weight in kilograms divided by height in meters squared) was calculated. 19 Endurance Fitness
Endurance fitness was measured as physical work capacity on a Monark bicycle ergometer. Children pedaled for 3 minutes during each of three successive work loads, and the work capacity at a heart rate of 170 beats per minute was estimated. 20 The measure of fitness used in the analysis that follows is the ratio of physical work capacity to lean body mass in each subject. Lean body mass was calculated by estimating fat mass from the sum of skinfold thicknesses17 and subtracting this from the total body mass.
We did not validate the methods as part of this study.
However, we did examine the reliability of the measures using similar methodology in a previous study and reported the any of the associations using the division into three categories.
To determine whether fitness and body fatness were independently associated with blood pressure, multivariate analyses were conducted.
Fitness was found to be a significant predictor of systolic blood pressure. After adjusting for lean body mass, age, sex, and an age-sex interaction, the coefficient for fitness was -.301. When the sum of the skinfolds term was added to the model (see Table 4 ), the coefficient for fitness decreased by 11%, to -.269. The coefficient for the sum of the skinfolds in this model was .047, a decrease of 20% from the model without the fitness term. This indicates that fitness and skinfolds are related, although both have an independent effect on systolic blood pressure.
The best linear regression model for fitness and systolic blood pressure includes the sum of the skinfolds, lean body mass, age, sex, and an age-sex interaction term. This model has an adjusted R2 of .27 and is presented in Table 4 . An increase in child's fitness from the 25th to the 75th percentile (13.7 to 18.9 units) would result in a drop of 1.4 mm Hg in systolic blood pressure, assuming the skinfolds and lean body mass did not change.
Each of these coefficients must be interpreted carefully because the terms are not independent. The fitness measure is expressed as physical work capacity of 170/kg divided by lean body mass, so if the change in fitness is due to any change in lean body mass, the coefficient for lean body mass must be incorporated as well. Similarly, since the skinfold measurements are used in calculating lean body mass, if lean body mass has changed, the coefficients for that and for fitness also must be used.
The best linear regression model for fitness and diastolic blood pressure adjusts for the sum of the skinfolds, lean body mass, age, and sex. Fitness is not a significant predictor of diastolic blood pressure. The model has an adjusted R2 of .09 and is presented in Table 5 .
In summary, the results of these analyses indicate that fitness, skinfold measurements, and lean body mass are independent predictors of systolic blood pressure. Skinfold measurements and lean body mass are strong independent predictors of diastolic blood pressure, but fitness has no apparent effect. Discussion The data from this study of a representative sample of Australian schoolchildren suggest that fitness, measured 
